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[57] ABSTRACT 

The present invention relates to methods for diagnosing 
acute myocardial infarction through the measurement of the 
level of marinobufagin-like immunoreactivity in the blood 
of patients suspected of this diagnosis; a method for treating 
patients With acute myocardial infarction With antibody to 
marinobufagin, a bufodienolide, to prevent the occurrence of 
cardiac arrhythmias; antibodies Which speci?cally recognize 
marinobufagin or other bufodienolides; hybridomas produc 
ing these antibodies; a process for preparing such antibodies; 
and an immunoassay method for marinobufagin for research 
purposes using its speci?c antibody. 

The antibodies of the present invention make it possible to 
conveniently measure bufodienolides With speci?city and 
high sensitivity. This is useful in determining the existence 
and degree of hypertension and myocardial infarction, and 
in treating myocardial infarction. 

4 Claims, No Drawings 
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METHOD OF DIAGNOSING AND TREATING 
MYOCARDIAL INFARCTION AND 

HYPERTENSION 

This application is a continuation-in-part of US. appli 
cation Ser. No. 08/181,918, ?led Jan. 18, 1994, noW 
abandoned, Which is a continuation-in-part of US. applica 
tion Ser. No. 07/984,480, ?led Dec. 2, 1992, noW aban 
doned. 

FIELD OF THE INVENTION 

The present invention relates to methods for diagnosing 
and treating myocardial infarction and hypertension using an 
antibody Which speci?cally recogniZes marinobufagin-like 
immunoreactivity, methods for assaying marinobufagin and 
other bufodienolides for research purposes using antibodies, 
hybridomas producing these antibodies, a process for pre 
paring the antibodies, and 

BACKGROUND OF THE INVENTION 

Hypertension is the primary risk factor for coronary, 
cerebral and renal vascular diseases Which cause over half of 
all deaths in the United States. It has been estimated that the 
number of hypertensive patients in the United States alone 
is substantially 57 million and on the rise. The Widespread 
aWareness of the danger of elevated blood pressure has 
become the most frequent reason for visits to physicians. No 
single or speci?c cause is knoWn for the hypertension 
referred to as primary (essential) hypertension. Primary 
hypertension has been attributed to such causes as hemo 
dynamic pattern, genetic predisposition, vascular 
hypertrophy, hyperinsulinemia, defects in cell transport or 
binding, defects in the reninangiotensin system (loW-renin 
or high renin hypertension) and along With insulin, angio 
tensin and natriuretic hormone, catecholamines arising in 
response to stress are knoWn to be pressor-groWth promot 
ers. Increased sympathetic nervous activity may raise the 
blood pressure in a number of Ways, for example, either 
alone or in concert With stimulation of renin release by 
catecholamines, causing arteriolar and venous constriction, 
by increasing cardiac output, or by altering the normal renal 
pressure-volume relationship. Primary hypertension is also 
associated With, for example, obesity, sleep apnea, physical 
inactivity, alcohol intake, smoking, diabetes mellitus, poly 
cythemia and gout. Secondary forms of hypertension may 
arise from oral contraceptive use and parenchymal renal 
disease: renovascular hypertension caused by, for example, 
atherosclerotic disease, tumors (renin-secretory tumors); 
Cushing’s Syndrome; heart surgery; and pregnancy. Chronic 
hypertension and renal disease during pregnancy may 
progress into eclampsia, a primary cause of fetal death. 

It has been theoriZed that blood serum and various mam 
malian tissues contain a substance, biologically and 
immunoreactively, similar to digitalis glycosides and 
digoxin (ouabain)-like Which have been labeled endogenous 
digoxin-like factors (EDLF). This theory has been supported 
in recent years by considerable evidence of a causal role for 
sodium in the genesis of hypertension. The evidence 
includes the ?nding of increased intracellular sodium in 
hypertensive mammals. Increases have also been noted in 
normotensive children of hypertensive parents. It has been 
discovered that an increased ?uid volume stimulates the 
secretion of EDLF that inhibits the Na+,K+-ATPase pump. 
The inhibition is brought about by the reaction of the EDLF 
With the alpha-subunit of the ouabain-sensitive-magnesium 
dependent, Na+,K+-ATPase in a manner similar to the 
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2 
digitalis glycosides. In the case of renovascular types of 
hypertension, inhibition of the sodium pump increases renal 
sodium excretion and restores vascular volume While at the 
same time leading to hypertension by increasing intracellu 
lar sodium content by potentiating preexisting vasoconstric 
tion and ?nally initiating a neW circle in the pathogenesis of 
hypertension. Increased plasma concentrations of EDLF 
have been discovered in hypertension caused by other 
physical and pathological conditions. Consequently, it Was 
discovered that the administration of an antidigoxin antise 
rum to hypertensive animals causes a pronounced decrease 
in the blood pressure. 

The exact chemical nature, as Well as the site of origin, of 
EDLF is not knoWn. It has been proposed that endogenous 
digoxin is a peptide originating in the hypothalamus. It has 
also been reported that EDLF originates in the adrenals and 
the heart. It has been shoWn that the EDLF substance exists 
in several different molecular forms, at least one of the forms 
being steroidal in nature. Con?rming this, it Was discovered 
that several steroids With digitalis-like imnunoreactivity and 
ability to inhibit Na+,K+-ATPase Were identi?ed in various 
amphibian tissues. 

It Was discovered that EDLF has direct effects on the heart 
and that the mammalian heart contains a substance With 
digoxin-like immunoreactivity and other properties of digi 
talis. The existence of the different subpopulation of the 
high-af?nity receptors for digitalis in myocardium and neu 
ral endings in the heart indicated the existence of an endog 
enous ligand(s) at these receptor sites. It is knoWn that an 
overdose of digitalis glycosides provokes cardiac 
arrhythmias, including ventricular tachycardia and ventricu 
lar ?brillation, rather than increasing cardiac contractility. 
Acute myocardial ischemia (AMI) sensitiZes the myocar 
dium to the arrhythmogenic effect of digitalis and is asso 
ciated With both the inhibition of myocardial sodium pump 
activity and With the loss of digitalis speci?c receptors. 
Based upon this prior knoWledge, it Was hypothesiZed that 
the increased plasma concentrations of EDLF contributed to 
the origin of the hypersensitivity of the ischemic myocar 
dium to digitalis and that EDLF participates in the genesis 
of myocardial ischemia-induced arrhythmias. Based upon 
this hypothesis, it Was discovered that the plasma concen 
tration of digoxin-like immunoreactivity, (for example) 
EDLF, Was signi?cantly increased after a ?rst transmural 
myocardial infarction. It Was further discovered that acute 
myocardial ischemia is associated With a marked increase in 
the concentration of EDLF, Which increase occurs in parallel 
With the onset of ventricular arrhythmias. 

BRIEF DESCRIPTION OF THE INVENTION 

The present invention relates to (1) an antibody reacting 
speci?cally to marinobufagin, a bufodienolide, (2) antibod 
ies to other bufodienolides, (3) hybridomas for producing 
such antibodies, (4) a process for preparing such antibodies, 
(5) a method for measuring marinobufagin-like immunore 
activity Which comprises using such an antibody, (6) a 
method for diagnosing hypertension using such an antibody, 
(7) a method for diagnosing myocardial infarction and the 
risk of cardiac arrhythmias using such an antibody, and (8) 
a method of treating myocardial infarction using such an 
antibody. 

DETAILED DESCRIPTION OF THE 
INVENTION 

When this Work began, crude venom from the parotid 
glands of the Bufo marinus toad Was used. Liquid venom 
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Was obtained by gently pressing on the skin around the 
glands. About tWenty four hours after the liquid venom Was 
obtained it crystallized at room temperature. The Bufo 
marinus venom Was compared With the effects of bufalin 
obtained from Sigma (0.1—50 The testing Was carried 
out on isolated abdominal aortic strips obtained from adult 
male Wistar rats. The animals Were sacri?ced by exsan 
guination. Rings of the abdominal aorta (1—1.5 mm 
diameter) Were excised proximal to the origin of the renal 
arteries and suspended in a 10.0 ml bath perfused by 32° C. 
Tyrode solution bubbled by a mixture of 95% O2 and 5% 
CO2 under resting tension of 1 gram. Contractions of the 
aortic strip Were recorded isometrically using a force trans 
ducer and displayed on a pen oscillograph. After a 60 minute 
equilibration period, dose-response curves to the vasocon 
strictor effect (aortic strips) of the venom Were plotted in the 
absence, and in the presence, of various pharmacological 
agents. 
At concentrations of 0.3—10 ug/ml (n=9 for each 

described experiment) crude Bufo marinas venom possessed 
a dose-dependent vasoconstrictor response. Vasoconstrictor 
response to the venom Was unaffected by alpha- and beta 
adrenergic antagonists, 5-HT antagonists and calcium chan 
nel blockers. Addition of antidigoxin antibody to the incu 
bation medium signi?cantly reduced the vasoconstrictor 
response, While in vitro preinoculation of the venom With the 
antidigoxin antibody for tWenty minutes completely pre 
vented the vasopressor effect. 
DIGIBIND, Fab fragments of bovine antidigoxin anti 

body (Burroughs Wellcome Co.), at concentrations up to 
40.0 mg/ml had no effect on the vasoconstrictor effects of the 
venom. Bufalin at concentrations of 0.1—10 ptM/l displayed 
Weak and delayed vasoconstriction. 

It Was concluded that (1) The digitalis-like compound(s) 
contained in the venom from the parotid glands of the Bufo 
marinus toad, unlike previous candidates for the role of 
endogenous digitalis (EDLF), possess signi?cant in vitro 
vasoconstrictor activity. These vasoconstrictor effects Were 
blocked by antidigoxin antibody. (2) DIGIBIND, Fab frag 
ments of bovine antidigoxin antibody, is absolutely ineffec 
tive in blocking the action of EDLF from the toad venom. (3) 
Since antidigoxin immunoglobulin G recogniZed and 
antagoniZed EDLF, but DIGIBIND, Fab fragments of 
bovine antidigoxin antibody, failed to bind EDLF: EDLF has 
immunoreactions different from digoxin. We hypothesiZed 
from the foregoing that antibody raised against EDLF 
should recogniZe EDLF better than antidigoxin antibody. As 
mentioned, Bufo marinas venom possessed signi?cant vaso 
pressor activity. As shoWn in the art the venom contains a 
mixture of several steroids. 

To carry the experimentation further, Bufo marinus toad 
poison Was collected from the parotid glands of ?ve adult 
spades of both sexes of the toad. FolloWing crystalliZation at 
37° F. for tWenty four hours, 800 mg of the poison Was 
extracted in 5.0% ethanol for about tWo Weeks With periodic 
shaking. The ethanol extract Was ?ltered and the sediment 
Was further Washed With 3 ml of 50% ethanol. For further 
extraction of the steroids, equal volumes of the ethanol 
solution Was diluted 1:1 With distilled chloroform. The 
mixture Was then centrifuged in order to obtain chloroform 
and ethanol phases. The chloroform phase Was isolated and 
another portion of distilled chloroform Was added. The 
procedure Was repeated tWo times after Which the chloro 
form phases Were mixed and vacuum distilled. Adark broWn 
oily residue Was obtained and dissolved in 1 ml of concen 
trated ethyl ether in acetic acid. The non-dissolvable portion 
of the residue Was separated by ?ltration. A mixture of 
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4 
steroids Was separated by thin-layer chromatography. Ethyl 
acetate Was used as the eluent. 

Rat aortic rings Were treated by the mixture of steroids 
(0.1—5 ug/kg) in six experiments. The blood vessels Were 
constricted in a dose dependent manner. The vasoconstric 
tion effect of the mixture of steroids Was unaffected by the 
adrenergic blockade of 2 pM phentolamine. Accordingly, it 
Was concluded that the vasoconstrictor effect of the venom 
Was due to the presence of the steroidal substance(s). 

The steroids in the venom Were then identi?ed using UV. 
Aspot corresponding to marinobufagin Was scraped, divided 
into three portions and extracted With ethyl acetate. In a 
parallel manner all of the spots corresponding to the steroids 
present Were extracted With ethyl acetate. The spots yielded, 
in addition to marinobufagin, resibufagenin, substance L, 
bufalin, telocinobufagin, argentinoginin, jamaicogenin, 
gellerbrigenol, gamabufotalin and substance D. 
The compounds Were each studied for their ability to 

contract isolated rat aorta (n=4) in each series. Only the 
fraction of marinobufagin shoWed rapid and strong vaso 
constrictor effects insensitive to adrenergic blockers. 
The major constituent of the Bufo marinus toad venom 

(7.9% of the total venom Weight) is marinobufagin. The 
second major constituent of the venom is bufalin (0.48%) 
Which compound did not shoW any intrinsic vasoconstrictor 
activity. The third and fourth major steroids present Were 
telocinobufagin (0.06%) and resibufagenin (0.04%) Which 
Were in such loW concentrations that neither Was able to 
produce any results. It is therefore concluded that the 
vasoconstrictor action Was attributable solely to the 
marinobufagin. 
From the examples set out hereinafter taken With the 

foregoing it Was concluded that marinobufagin is an EDLF 
in mammals as Well as rats. It is also shoWn that anti 
marinobufagin antibody utiliZed in acute myocardial 
ischemia in rats suppressed arrythmias better than anti 
digoxin antibody. Moreover, in patients With acute myocar 
dial infarctions, an ELISHA immunoassay based on anti 
marinobufagin antibody alloWed one to detect plasma levels 
of marinobufagin to orders of the highest magnitude as 
compared With digoxin immunoassay. It Was further deter 
mined that the ELISA marinobufagin assay alloWed one to 
detect plasma levels of marinobufagin exactly correspond 
ing to the ability of marinobufagin to inhibit Na,K-ATPase. 

It Was unexpectedly discovered that the antibody prepared 
from marinobufagin prevented the effects of increased 
plasma concentrations of EDLF, for example arrhythmias, 
and prevented hypertension. The invention enabled a 
method of diagnosis and of predicting the onset of cardiac 
arrhythmias caused by various pathological conditions. It 
Was previously discovered that antibodies prepared from the 
steroid compounds derived from marinobufagin effectively 
blocked endogenous digoxin-like factors found in the 
plasma of man. 

Treatment to prevent or alleviate cardiac arrhythmias 
utiliZing the antibody of the invention may be by any of the 
conventional routes of administration, for example, oral, 
intramuscular, intravenous or rectally. In the preferred 
embodiment, the antibody is administered in combination 
With a pharmaceutically-acceptable carrier Which may be 
solid or liquid, dependent upon choice and route of admin 
istration. Examples of acceptable carriers include, but are 
not limited to, for example, physiological saline solution. 

In the preferred embodiment, the inventive compounds 
are administered intravenously. The actual dosage unit Will 
be determined by such generally recogniZed factors as body 
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Weight of patient and the severity and type of pathological 
condition the patient might be suffering from. With these 
considerations in mind, the dosage of a particular patient can 
be readily determined by the medical practitioner in accor 
dance With the techniques knoWn in the medical arts. 

EXAMPLE 1 

Puri?cation and Characterization of Marinobufagin. 

The Bufo marinus toad poison used in the examples Was 
obtained from venom obtained from the parotid glands of 
Bufo marinas male and female adult toads obtained from the 
St. Petersburg, Russia and Riga, Latvia Zoological Gardens. 
The venom Was extracted by gently pressing on the skin 
around the glands. The venom crystalliZes at room tempera 
ture Within 24 hours. We extracted 800 mg of the crystalliZed 
poison using 50% ethanol at a temperature of 30° C. over a 
tWo-Week period. 

FolloWing the alcoholic extraction, the mixture Was ?l 
tered through Shott Nr 4 ?lters. The ?ltrand Was divided into 
tWo portions. Each portion Was Washed With 3 ml 30% 
ethanol. After removal of the ?ltrate the residue Was further 
extracted With a 1:1 solution of 50% ethanol and chloroform 
folloWed by centrifugation in order to obtain chloroform and 
ethanol phases. The chloroform phases Were isolated and 
extracted by centrifugation repeated tWo times after Which 
the chloroform phases Were mixed and distilled under 
vacuum. A dark broWn oily residue resulted Which Was 
dissolved in 1 ml of ethyl acetate. The non-soluble residue 
Was separated by ?ltration. 
A mixture of steroid compounds Was obtained and sepa 

rated by thin-layer chromatography (Silufol VV 254, Sigma 
Chemicals), plates Were pre-exposed to 1 hour preincubation 
at 100° C. Ethyl acetate Was used as the eluent . Identi?ca 
tion of the individual steroids Was performed by UV. A spot 
corresponding to marinobufagin (Mbg) Was scraped, divided 
into three (3) portions and extracted With ethyl acetate. In 
parallel series all eleven (11) spots corresponded to the 
steroids resibufagenin, substance L, bufalin, marinobufagin, 
telocinobufagin, argentinogenin, gellerbrigenin, 
jamaicogenin, gellerbrigenol, gamabufotalin, and substance 

Detection of marinobufagin and other bufosteroids Was 
accomplished by (a) visualiZation under ultraviolet (UV) 
light and comparison of chromatographic mobility, (b) 
spraying a saturated chloroform solution of SbCl3 for color 
reactions, and (c) UV absorbance characteristics that are 
typical for marinobufagin (=300 nM, E=18600). 

The other steroid compounds and substances Were 
scraped from the Silufol plates and treated by the same 
procedure as the marinobufagin. The steroids developed and 
used in the experiments herein are as folloWs: 
1. Resibufagenin, 3 beta hydroxy 14,15 epoxybufodienolide 
2. Marinobufagin, 3 beta, 5 beta dihydroxy 14,15 epoxybu 

fodienolide 
3. Cinobufagin, 3 beta 16 beta acetoxy 14,15 epoxybufodi 

enolide 
4. Bufalin, 3 beta 14 beta dihyroxybufodienolide 
5. Telocinobufagin, 3 beta 5 beta 14 beta trihydroxybufodi 

enolide 
6. Gamabufotalin, 3 beta 11 beta 14 beta trihydroxybufodi 

enolide 
7. Gellerbrigenin, 3 beta 5 beta 14 beta trihydroxy 19 nor-19 

aldehyde bufodienolide 

EXAMPLE 2 

Synthesis of Antibodies to Marinobufagin 

In order to become immunogenic, marinobufagin must 
?rst be conjugated With a sugar residue in order to further 
conjugate it With BSA. 
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6 
We dissolved 50 mg of marinobufagin (puri?ed by thin 

layer chromatography) in 10 ml of absolute dry benZene. 
Then 80 mg of Ag2CO3 Was added to the solution. The 
solution Was then heated to boiling, and, While stirring, a 
solution of 180 mg of acetobromo-D-glucose in 15 ml of dry 
benZene Was added by drops to the marinobufagin solution. 
The reaction Was controlled by thin-layer chromatography 
on silicagel; disappearance of the spot corresponding to 
marinobufagin shoWing that conjugation of marinobufagin 
With glucose Was successful. After the reaction Was ?nished 
the silver salt Was ?ltered and the ?ltrand Was evaporated. 
The compound Was dissolved in ether; the nondissolvable 
residue Was ?ltered; and the glycoside Was crystalliZed from 
the ?ltrand. 

Conjugation of marinobufagin-glycoside With bovine 
serum albumin (BSA) Was performed as described by Curd 
et al for digoxin. 

Prior to the immuniZation, the conjugate Mbg-glycoside 
BSA Was further compared With Mbg for its ability to react 
With polyclonal antidigoxin rabbit antibody from the 
DELFIA immunoassay. In the DELFIA assay equimolar 
concentrations of Mbg and its conjugate demonstrated 
exactly similar displacement of digoxin standards. 
Therefore, the conjugation procedure did not alter the immu 
noreactive properties of the antigen. 

ImmuniZation and Development of Antibodies 

The polyclonal antimarinobufagin antibody of the inven 
tion Was obtained by immuniZing chinchilla rabbits With a 
marinobufagin-3-glycoside-bovine serum albumin conju 
gate. Each animal Was injected With 0.5 mg of the conjugate 
dissolved in 0.5 ml Water and mixed in a ratio of 1:1 With 
Freund’s adjuvant. The mixture Was administered by sub 
cutaneous injection in ?ve different locations on the backs of 
the rabbits over a four-Week period. 

Serum Was obtained from the rabbits and the inventive 
immunoglobulins Were separated from the Whole serum in 
the folloWing steps: 

Step 1. The serum Was diluted (1:4) With an acetate buffer 

(60 mM CH3COONa—CH3COOH, pH 4). The pH of 
the solution Was adjusted to pH 4.5 using 001 N 
NaOH. 

Step 2. We sloWly added 25 NL Caprylic (octanoic) acid 
With stirring to 1 ml of the serum solution. The ?nal 
solution Was stirred for thirty (30) minutes folloWed by 
centrifuging to separate proteins of non 
immunoglobulin nature. 

Step 3. The supernatant from Step 2 Was ?ltered and the 
?ltrate Was dissolved, 9:1, in a phosphate buffer solu 
tion (150 mM NaCl, 3 mM KCl, 8 mM NaZHPO4 , 1.5 
mM KH2PO4, pH 7.2). The pH Was adjusted to 7.4 With 
1N NaOH. The resulting solution Was cooled to 40° C. 
folloWed by the addition of NH4OH. The resulting 
mixture Was centrifuged and a precipitate of proteins 
separated. 

Step 4. The precipitate from Step 3 Was dissolved in the 
minimal amount of distilled Water and dialyZed in 
separate dialysis bags (threshold, protein With m.W. 
17,000 D) against tWo changes of 1 liter of distilled 
Water. Dialysis Was controlled by concentrated BaCl2 
(in the presence of the SO4 ions We saW undissolvable 
BaCl2). The dialyZed anti-Mbg immunoglobulin of the 
invention obtained hereby Was used in the tests. 
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EXAMPLE 3 Were immunized With marinobufagin-3-glycoside-BSA, as 
previously reported by Curd et al for digoxin. 

Characterization of the Antibody Marinobufagin-3-glycoside-RNAase conjugate (1.0 pg of 
Immunoassay-ELISA conjugate in 100 pl of phosphate buffered saline per Well) 

The test of cross-immunoreactivity Was de?ned as the 5 Was immobilized on the bottom of NANC microtitration 
ratio: Amount of Mbg required to displace 50% of maxi- strip Wells as reported in detail previously by Helsingius et 
mally bound Mbg from antiMbg antibodyzAmount of the al. We added 40 pl of marinobufagin standards and unknown 
cross-reactant to give the same 50% displacement samples to the coated Wells, folloWed by 100 pl of 

Amount ofMbg required to displace 50% 

of maximally bound Mbg from antiMbg antibody 
Amount of the cross-reactant to give the same 

50% displacement 

Calibration curve of the ELISA assay (average of 5 experiments): 

Conc.ofantigen 0 5X10-9 5X10-8 5X10-7 5X10-6 5X10-5 

(Mbg) 
Inhibition of the 0 10 17 22.5 45 74.5 

binding of anti 

body With Mbg 

Mbg content in blood serum and tissue Was assayed using marinobufagin antibody. After one hour incubation, the 
half area enZyme immunoassay plates coated With BSA 25 strips Were Washed tWice (DELFIA Wash solution, Wallac 
(bovine serum albumin) marinobufagin by adding to each Oy, Turku, Finland), folloWing Which 100 pl of secondary 
Well 50—100 pl of 1 ng/ml BSA-Mbg in a buffer (50 mM antibody (europium-labeled goat anti-rabbit antibody, Wal 
sodium carbonate, pH 8.6). The plates Were stored at 4° C. lac Oy, Turku, Finland) Was added. After one hour 
for 1—2 days. Unbound BSA-Mbg Conjugate WaS Washed Ollt incubation, the Wells Were Washed six times With the Wash 
by Washing each Well repetitively With rinse solution (0.09% 30 solution. Then, 200 pl of enhancement solution, Which 
N a Cl) c o n t a i n i n g 0.0 5 % TW E E N 2 0 releases the europium conjugated With the secondary 
(polyoxyethylenesorbitan monolaurate). antibody, (Wallac Oy, Turku, Finland) Was added to each 

The titer of anti-Mbg antibody from immuniZed rabbits or well, the strips were shaken for 5 minutes, and after 10 
produced by the hybridoma technique Was determined on minutes more the ?uorescence of free europium Was mea 
plates as described above. Doubling dilutions of antibody 35 sured (DELFIA 1234 Arcus Fluorometer, Wallac Oy, Turku, 
Were added to the Wells starting from 1:1000. The plates Finland), The sensitivity of the immunoassay was 0.001 
Were incubated With shaking for 60 minutes at a temperature nmol. Cross immunoreactivity of the assay Was expressed as 
of 30° C.; this alloWs the anti-Mbg antibody to bind to the the ratio of the amount of cross-reactant required to displace 
BSA-Mbg conjugate attached to a plate. After incubation, 50% of antimarinobufagin, antiouabain or antidigoxin anti 
the antibody Was Washed out With four rinses. Antibody 40 body from immobiliZed conjugate to the amount of the 
which bonded to Mbg remained attached to the Wells. Then cross-reactant to give the same 50% displacement. Cross 
1:1,000 dilutions of goat anti-rabbit IgG horseradish peroXi- reactivity of antimarinobufagin antibody With digoxin, 
dase conjugate Were added to each Well for 60 minutes With ouabain, digitoxin bufalin, cinobufagin, mixture of bufos 
continuous shaking. The unbound goat anti-rabbit IgG- teroids from Bufo marinus toad excluding marinobufagin, 
peroxidase conjugate Was then Washed aWay. Then TMB 45 prednisone, spironolactone, proscillaridine, progesterone 
reagent Was added (50 pl to each Well). After 15 minutes the and 5-beta cholanic acid Was 0.1%, <0.01%, 3%, 1%, 0.1%, 
reaction Was stopped by addition of 50 pl of 1M H3PO4. 5%, <0.1%, <0.1%, 1%, <0.5% and 1%, respectively. 

The absorbance of each Well Was measured at 450 nm. A 
standard Mbg (marinobufagin) curve Was plotted (0.1 to EXAMPLE 4 
10000 nM/1). Addition of Mbg prevents binding of anti- 50 

. ' 'd Mbg antibody to BSA-Mbg conjugate 1n the Well. preparanon of Hybn Oma 
Consequently, less goat anti-rabbit IgG binds to the Well and The IIlOIlOClOIlal antibody 0f the invention iS prepared by 
we see less absorbance at 450 hm, emulsifying about 1—5 mg/ml of Mbg-BSA conjugate in 

In our experiments cross-reactivity of the anti-Mbg ahti_ saline solution With Freund’s complete adjuvant 1:1. Emul 
body With ouabain, ouabagenin and bufalin Was less than 55 Si?CatiOrl Can be readily Carried Out by repeatedly Squirting 
1%. Cross-reactivity With digoxin, digitoxin, digoxigenin, the Suspension through the HOZZle Of a syringe. A total 
and digitoxigehih was less than 1()%_ dosage of about 0.3 ml is injected into multiple sites in mice, 

It will be understood by those skilled in the art that other for example, in the legs and at the base of the tail. Injections 
methods of immunoassay are readily available in the art, for are repeated at intervals of three to ?ve Weeks. ApprOXi 
example, radioimmunoassay, 60 mately ten days after each treatment, a drop of blood is taken 
Immunoassay-2, Fluoroirnrnunoassay from the tail of each mouse. The extracted blood is tested for 

Marinobufagin-like immunoreactivity was measured the presence of speci?c antibodies. The animals yielding the 
using a solid-phase ?uoroimmunoassay. The method is best antiserum are Selected fOr fusion. 
based on competition betWeen the immobiliZed conjugate After a rest period of at least one month, 0.2—0.4 ml of the 
(marinobufagin-3-glycoside-RNAase, 19:1) and a rabbit 65 Mbg-BSA conjugate solution, Without Freund’s adjuvant, is 
polyclonal antimarinobufagin antibody. Marinobufagin-3- injected intravenously into each mouse. The injected mice 
glycoside-RNAase conjugate Was prepared, and rabbits are sacri?ced 3—4 days later and the spleens removed under 
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sterile conditions. The spleens are placed into a petri dish 
containing about 5 ml of 2.5% FCS-DMM kept on ice and 
Washed gently. The spleens are then transferred to a round 
bottomed tube, cutting them into three or four pieces per 
spleen, With about 5 ml of fresh 2.5% FCS-DMM. Using a 
Te?on pestle, the pieces are squashed gently to make cell 
suspensions. The clumps and pieces of connective tissues 
are alloWed to sediment, then the cell suspensions are 
transferred to round-bottomed tubes. The tubes are ?lled 
With 2.5% FCS-DMM and spun at room temperature for 
7—10 minutes at 400 g. The pellets are resuspended in about 
10 ml of fresh medium and centrifuged as above. The pellets 
are then resuspended in 10 ml of medium, and the cells 
counted. Viability at this point should be higher than 80%. 
Enough myeloma cells from a culture in logarithmic 

groWth are pelleted by centrifugation at room temperature 
for 10 minutes at 400 g. The pellets are resuspended in 10 
ml of 2.5% FCS-DMM and counted. Although the fusion 
and the initial selection of hybrids by groWth in HAT 
medium are quite distinct stages, for convenience they are 
described together. For convenience, the fusion of cells in 
suspension is being described as by the spleens. The Mbg/ 
spleen cells and the myeloma cells are prepared as above. 
About 108 spleen cells and 107 myeloma cells are mixed. 
DMM is added to a volume of 50 ml. The cells are spun 
doWn at room temperature for 8 minutes at about 400 g. The 
supernatant is removed With a Pasteur pipette connected to 
a vacuum line. Complete removal of the supernatant is 
essential to avoid dilution of the PEG (polyethylene glycol 
solution). The pellet is broken by gently tapping the bottom 
of the tube. The tube is placed in a 200-ml beaker containing 
Water at 40° C. and maintained there during the fusion. 
We add 0.8 ml of 50% PEG preWarmed to 40° C. to the 

pellet using a 1-ml pipette, over a period of 1 minute, 
continuously stirring the cells With the pipette tip. Stirring of 
the cells in 50% PEG is continued for a further 1.5 minutes. 
Agglutination of the cells is evident. With the same pipette, 
1 ml of DMM is added, taken from a tube containing 10 ml 
of DMM kept at 37° C., to the fusion mixture, continuously 
stirring as before, over a period of 1 minute. The preceding 
step is repeated and then repeated tWice adding the medium 
in 30 seconds. Using the same pipette With continuous 
stirring, the rest of the 10 ml of DMM is added over a period 
of about 2 minutes. With a 10 ml pipette, 12—13 ml of 
preWarmed DMM is added and the mixture spun doWn for 
about 8 minutes at 400 g. The supernatant is discarded and 
the pellet gently broken up by tapping the bottom of the tube 
and suspended in approximately 49 ml of 20% FCS-DMM. 

This fusion suspension is distributed in the 48 Wells of 
tWo Linbro plates. With a further 1 ml of 20% FCS-DMM 
108 spleen cells/ml are added to the Wells. The Wells are 
incubated overnight at 37° C. in a C02 incubator. Using a 
Pasteur pipette connected to a vacuum line, 1 ml of the 
culture medium is removed from each Well Without disturb 
ing the cells. The plate is fed With a 1 ml HAT medium for 
2—3 days afterWards until a vigorous groWth of hybrids is 
evident under the microscope. The culture becomes more 
yelloW and may be tested for antibody activity. Duplicates of 
the groWing hybrid cultures, either all or selected ones, are 
prepared and fed for a Week With HAT medium. 

EXAMPLE 5 

Effects of Antibodies During Acute Myocardial 
Ischemia in Rats 

Acute myocardial ischemia Was set up in seventy-three 
adult male Wistar rats anesthetiZed With sodium pentobar 
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10 
bital (75 mg/kg intramuscularly) and arti?cially ventilated 
via tracheostomy. After thoracotomy, the left coronary arter 
ies Were ligated 1—2 mm distal to their origins. The hearts 
Were monitored by three standard ECG leads. Test drugs 
Were administered into the femoral veins via polyethylene 
catheters. After ?fteen minutes of acute myocardial 
ischemia, the animals Were sacri?ced by exsanguination. It 
Will be understood by those skilled in the art that the ?fteen 
minute period corresponds to an approximate three to four 
hour period of myocardial infarction in humans. Blood 
samples Were collected from the abdominal aortas into 
cooled polyethylene tubes containing 0.1 M EDTA and 10 
pM phenylmethylsulfonyl?uoride (50 pl per 4 ml blood). 
The resulting solution Was froZen at -20° C. for determina 
tion of digoxin-like immunoreactivity (DLIR) in the plasma. 
The digoxin-like immunoreactivity Was measured using 
dissociation enhanced lanthanide ?uoroimmunoassay 
(DELFIA) kits by LKB, Finland. This assay of digoxin is a 
solid phase immunoassay based on competition betWeen 
immobiliZed digoxin and sample digoxin (in the present 
case, EDLF) for europium-labeled polyclonal antidigoxin 
antibodies derived from rabbits. Standard and sample (or 
EDLF) reduce the binding of the europium labeled antibod 
ies to the immobiliZed digoxin molecules. Finally ?uores 
cence in the strip Wells is measured in a resolved time result 
LKB-Wallac ?uorometer. Plasma levels of marinobufagin 
like immunoreactivity (MLIR) Were measured as mentioned 
above in Example 3. 

Arrhythmia incidence Was de?ned as the total duration of 
ventricular tachycardia (VT) and ventricular ?brillation 
(VF) during the ?fteen minute postligation period. The 
animals Were divided into ?ve groups as folloWs: 

Group 1. TWelve (12) control, rats subjected only to 
thoracotomy; 

Group 2. TWenty-eight (28) rats pretreated With an intra 
venous injection of 0.2 ml isotonic saline prior to the 
period of acute myocardial ischemia; 

Group 3. Fifteen (15) rats pretreated by intravenous 
injection of 260 ug/kg antidigoxin immunoglobulin; 

Group 4. Five (5) rats pretreated by intravenous injection 
With 5 mg/kg DIGIBIND (Fab fragments of bovine 
antidigoxin antibody, a drug produced for the treatment 
of digoxin overdose by Burroughs Wellcome Co.); and 

Group 5. Seven (7) rats pretreated With 40 mg/kg 
DIGIBIND, Fab fragments of bovine antidigoxin 
antibody, 

Group 6. Ten rats pretreated With antimarinobufagin anti 
body (250 ug/kg). 

All pretreatment of the animals Was carried out thirty 
minutes prior to coronary ligation. The control animals Were 
pretreated thirty minutes prior to thoracotomy. 
No heart rhythm disturbances Were observed in the con 

trol animals. The plasma concentration of DLIR in the 
control animals Was 0.48:0.09 ng/ml. Acute coronary liga 
tion in Group 2 (ischemia Without treatment) animals 
resulted in typical ischemic changes of the ECG, i.e., 
increase in the R Wave, elevation of the ST-T segment and 
in the onset of ventricular arrhythmias. Average duration of 
VT and VF in Group 2 Was 201131 sec. Plasma concentra 
tion of DLIR 15 minutes post coronary artery ligation Was 
1.13:0.32 ng/ml, p<0.05. In the (Group 2) rats With acute 
myocardial ischemia the plasma concentration of MLIR Was 
310.5 pM/l 15 minutes after the coronary ligation as com 
pared with 031005 pM/l in the control group (Which Was 
the same as in intact rats Without thoracotomy). 
The Group 3 animals (pretreated With antidigoxin IgG) 

exhibited a reduced average duration of VT and VF to 46:18 
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sec. (p<0.01) The Group 4 animals (pretreated With 
DIGIBIND, Fab fragments of bovine antidigoxin antibody,) 
did not exhibit any change in the incidence of post-ligation 
arrhythmias. 

The average duration of VT and VF Was reduced to 74:34 
sec in the Group 5 (pretreated With high-dose DIGIBIND, 
Fab fragments of bovine antidigoxin antibody, animals. This 
difference Was not statistically signi?cant When compared 
With the Group 1 (untreated) animals With myocardial 
ischemia. 

The average duration of VT and VF in 10 rats pretreated 
With antimarinobufagin antibody (Group 6) Was the loWest, 
18.7165 sec. 

From this experiment, it Was concluded: 

1. Acute myocardial ischemia in rats is associated With an 
increase of the concentration of digoxin-like immu 
noreactivity and a more marked increase in Mbg-like 
immunoreactivity. This indicates that MLIR is a marker 
for acute myocardial infarction. 

2. The increase in digoxin-like and Mbg-like immunore 
activity occurs in parallel With the onset of ventricular 
arrhythmias. This suggests that increasing levels of 
EDLF (or speci?cally, Mbg) cause cardiac arrhythmias. 

3. Pretreatment of the animals With polyclonal antidigoxin 
rabbit IgG signi?cantly reduces the incidence of 
arrhythmias and pretreatment With anti-Mbg antibody 
markedly reduces arrhythmias. We believe this means 
that antidigoxin IgG and anti-Mbg bind the circulating 
EDLF and prevent the development of its physiological 
effects. 

4. DIGIBIND, Fab fragments of bovine antidigoxin 
antibody, even at extremely high concentrations Was 
almost inactive in suppressing the ischemia-induced 
arrhythmias. Digoxin, therefore, is not the EDLF 
responsible for causing arrhythmias. 

EXAMPLE 6 

Human Myocardial Infarction 
EDLF in Human AMI 

Fifty-four (54) patients Who had never taken digitalis 
drugs and had no knoWn history associated With increased 
concentrations of EDLF, e.g., severe hypertension, renal or 
hepatic disease, and endocrine dysfunction, Who Were 
admitted to the coronary care unit of the DjanelidZe Emer 
gency Medicine Institute With a ?rst time transmural acute 
myocardial infarction (AMI) Were studied. Also not 
included in the study Were patients Who received systemic 
thrombolytic therapy. The diagnosis of AMI Was based 
upon: typical chest pain of at least thirty minutes duration, 
ST segment elevation on the ECG With subsequent devel 
opment of Q Waves in the involved leads (Minnesota Codes 
1-1-1, 1-2-5, 1-2-6, and 1-2-7), and increase of plasma total 
creatine phosphokinase and lactate dehydrogenase. 

Patients knoWn to have unstable angina pectoris, sus 
pected (but not later con?rmed) AMI, and healthy donors 
served as controls. 

Venous blood samples Were obtained from the patients 
each day for ten days and on the fourteenth day folloWing 
the diagnosis of AMI. Blood Was collected in cooled poly 
ethylene tubes containing 10 pM phenylmethylsulfonyl?uo 
ride in 0.1 mol/liter EDTA. The mixture Was froZen at —18° 
C. prior to assay. Plasma concentrations of EDLF Were 
measured using the dissociation-enhanced lanthanide ?uor 
oimmunoassay method digoxin kit and expressed as ng/ml 
of digoxin equivalents. The results Were analyZed statisti 
cally using student’s t-test. 
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Fifty-four Caucasian patients (47 male, 7 females) ages 

39 to 72 years, (mean age 45 years) With AMI, 16 Caucasian 
male patients With unstable angina pectoris and suspected 
AMI ranging in age from 40 to 67 years, and eight healthy 
donors (3 males, 5 females), mean age 39.3 years, Were 
enrolled in the study. 

Plasma concentrations of digoxin-like immunoreactivity 
in patients during the ?rst 24 hours folloWing onset of AMI 
Were signi?cantly increased (1.25:0.26 ng/ml) as compared 
With the healthy controls (0.34:0.08 ng/ml) and patients 
With unstable angina pectoris (0.0414 0.06 ng/ml) . The 
condition of seven of the patients Within the ?rst 24 hours 
after onset of AMI Was complicated by primary ventricular 
?brillation. In these patients the concentration of EDLF Was 
signi?cantly higher (2.54:0.67 ng/ml) than in the 47 patients 
With AMI Who did not experience ventricular ?brillation 
(1.05 0.27 ng/ml), p<0.05). During the ?rst 24-hour period 
of time, 14 of the patients exhibited manifestations of severe 
congestive heart failure. In these patients, the concentration 
of EDLF immunoreactivity Was signi?cantly loWer 
(0.32:0.09 ng/ml) than in the other 40 patients With AMI 
and Without congestive heart failure (1.51:0.32 ng/ml). 
BetWeen the period of 24—48 hours after onset of AMI the 

plasma levels of EDLF of the AMI group decreased to levels 
of the control group (0261004), and did not differ signi? 
cantly from the control values during the subsequent tWo 
Week period of assay and observation. Commencing after 
the second day of AMI no signi?cant differences Were 
observed in the plasma concentrations of digoxin-like 
immunoreactivity betWeen patients With uncomplicated 
AMI and those With AMI complicated by ventricular ?bril 
lation or congestive heart failure. 
The results With the human patients discussed in this 

example Were in agreement With the results obtained in 
Example 5 demonstrating that plasma concentration of the 
substances having the property to inhibit Na,K-ATPase is 
increased in animals exposed to acute coronary ligation. The 
results of the experimental tests clearly prove the proar 
rhythmic action of EDLF in AMI and the correlation 
betWeen plasma levels of EDLF and incidence of ventricular 
arrhythmias. 
Mbg in Human AMI 

Eight male patients the ?rst day after the onset of a ?rst 
MI Were studied as above. The peak plasma levels of 
marinobufagin-like immunoreactivity Were 4.30:0.7 
pMoles/l as compared With 1210.2 pMoles/l in the 6 healthy 
controls. 

Samples of hepariniZed blood Were obtained from 3 male 
patients during the ?rst 12 hours after the onset of ?rst 
transmural myocardial infarction. The activity of the 
ouabain-sensitive Na,K-pump Was measured using the 
knoWn Rubidium (ouabain-inhibitable rubidium uptake) 
technique. Blood samples of the patients Were analyZed in 
duplicate, in the presence and in the absence of monoclonal 
antiMbg antibody (100 ug/ml). In the untreated samples, 
activity of Na,K-pump (ouabain-sensitive Rb uptake by 1 ml 
of the suspension of erythrocytes) Was inhibited by 70%. At 
the same time, preincubation of the Whole blood With 
antibody for 30 minutes completely restored the activity of 
the Na,K-pump. Activity of the Na,K-pump in the erythro 
cytes from 8 healthy controls Was unaffected by the pre 
treatment With antiMbg antibody. 

This example demonstrates that the activity of the Na,K 
pump in red blood cells in the acute period of myocardial 
infarction is depressed and that MLIR acts as a marker for 
acute MI in humans. This observation is in agreement With 
the previous data shoWing that activity of Na,K-ATPase in 
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humans With myocardial infarction and in rats With acute 
myocardial ischemia is inhibited. It is known and has been 
repeatedly demonstrated that the changes in the membrane 
of erythrocytes re?ect the membrane changes occurring in 
cardiovascular tissues in various diseases and due to the 
treatment With different drugs. 

EXAMPLE 8 

Diagnosis of Hypertension 

Adult male Wistar rats (n=6) Were subjected to acute 
plasma volume expansion as described by Gonick et al. 
Measurements as described above shoWed a 30% inhibition 
of the Na,K-pump and a four-fold increase in the level of 
MLIR. Thus, in this model of hypertension, MLIR Was a 
marker for hypertension. 

CONCLUSION 

While the invention has been described in detail and With 
reference to speci?c embodiments thereof, it is apparent to 
one skilled in the art that various changes and modi?cations 
may be made therein Without departing from the spirit of the 
present invention and therefore, that these descriptions 
should not be construed as limitations on the scope of the 
invention, but rather as an exempli?cation of one preferred 
embodiment thereof. Accordingly, the scope of the invention 
should be determined not by the embodiments illustrated, 
but by the appended claims and their legal equivalents. 
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I claim: 
1. Amethod for determining Whether a human is suffering 

from myocardial infarction, comprising the steps of 

10 

(a) obtaining plasma from a human suspected of having a 
15 myocardial infarction; 

(b) measuring, by immunoassay With antibodies speci?c 
for marinobufagin, the level of immunoreactivity With 
said antibodies in the plasma obtained in step (a); 

(c) comparing the level of immunoreactivity With anti 
bodies speci?c for marinobufagin obtained in step (b) 
With a standard level of immunoreactivity With anti 
bodies speci?c for marinobufagin, Wherein a elevated 
level of immunoreactivity in said human compared to 
the standard is an indication that the human is experi 
encing a myocardial infarction. 

2. The method of claim 1, Wherein said antibodies are 
polyclonal antibodies. 

3. A method for measuring in a human endogenous 
digoXin-like factors that are immunoreactive With antima 
rinobufagin antibodies, comprising the steps of: 

(a) obtaining plasma from a human; 
(b) measuring, by immunoassay With antibodies speci?c 

for marinobufagin, the level of immunoreactivity With 
said antibodies in the plasma obtained in step (a); 

(c) comparing the level of immunoreactivity With anti 
bodies speci?c for marinobufagin obtained in step (b) 
With a standard level of immunoreactivity With anti 
bodies speci?c for marinobufagin. 

4. The method of claim 3, Wherein said antibodies are 
polyclonal antibodies. 
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